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IMAGE IMPROVEMENT APPARATUS AND
METHOD

FIELD OF THE INVENTION

The mvention relates to apparatus for forming and view-
ing 1improved three-dimensional 1mages of objects.

BACKGROUND

Image processing 1s applicable to a wide variety of
applications including entertainment, medical, scientific
investigations, and the like. One problem with such image
processing 1s that it often fails to provide realistic three-
dimensional images using inexpensive imaging devices such
as cathode ray tubes (CRT’s), liquid crystal displays
(LCD’s), lenticular devices, and laser or ink jet printers. In
conventional image processing techniques, redundant image
information 1s combined to provide a simulated three-
dimensional i1mage suitable for display by a two-
dimensional display device. The appearance of depth 1 such
images 1s provided by combining multiple segments of
planar 1mage data. The actual contour of the 1mage 1s often
ignored or severely distorted. Accordingly, the further the
segment of 1mage data 1s from the 1deal focal point, the less
sharp the 1mage. Many conventional three-dimensional
imaging techniques are thus based on combining two or
more olfset planar 1mages to provide a simulation of depth
as perceived by the human eye.

There continues to be a need for a method and apparatus
for providing realistic three-dimensional 1mages without the
need for elaborate or costly imaging devices. There 1s also
a neced for an 1mage processing technique which more
closely approximates 1mage perception experienced by the
human eye without the need for multiple 1mage 1nput
devices.

SUMMARY OF THE INVENTION

In one embodiment, with regard to the foregoing and
other needs, the mvention provides a method for converting
a digital 1image of one or more objects to interpolated
three-dimensional image data for producing a substantially
realistic three-dimensional 1image of the object or objects.
The method includes providing a digital image file contain-
ing digital image pixels, wherein the pixels have a structural
contour relationship to the one or more objects. The digital
image pixels are converted to contour corrected pixels to
provide a contoured 1image file. An output 1mage file 1s built
from the contoured 1mage {file so that the output image file
may be projected on an 1image output device.

In another embodiment, the invention provides an
improved 1maging tool. The imaging tool mcludes:

an 1mage {ile input device for receiving one or more 1mage
data files;

a conversion module for converting the one or more
image data files to pixelated data having color, depth
and positional parameters;

a positional translation module for incrementally adjust-
ing the pixelated data to provide incremental positional
data;

an 1mage correction module for receiving the color, depth,
positional parameters, and incremental positional data
for the pixelated data and providing corrected pixels
having updated depth and updated position; and

an output 1image correlation module for providing cor-
rected pixels to an 1mage output device.

10

15

20

25

30

35

40

45

50

55

60

65

2

Advantages of the invention include the ability to provide
more realistic three-dimensional 1mages of one or more
objects on a variety of output devices. The 1mages may be
corrected for any desired image resolution. The imaging tool
enables closer correlation between the contours of the 1mage
and the pixel positions of the image on the output device. For
example, conventional three-dimensional imaging tech-
niques provide redundant overlapping planar images to give
the perception of depth. However, planar images do not
include sufficient contour parameters to provide realistic
depth perception of the images. The present invention solves
the problem by providing pixel by pixel correction based on
pixel position and depth or distance from an 1deal focal point
to provide 1mage interpolation while substantially decreas-
ing redundant 1image data points. The method and apparatus
of the mvention 1s readily adaptable to a variety of image file
formats and can be applied to produce more realistic three-
dimensional i1mages from three-dimensional or two-
dimensional 1mage data.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages of the invention will become apparent
by reference to the detailed description when considered in
conjunction with the figures, wherein like reference numbers
indicate like elements throughout, and wherein:

FIG. 1 1s a schematic 1illustration of how an eye of a
person views points on one or more objects;

FIG. 2 1s a schematic illustration of how the invention
provides pixels 1n a data file for one or more objects;

FIG. 3 1s a schematic illustration of the projection of
image data for one or more three-dimensional objects on a
planar surface;

FIG. 4 1s a schematic illustration of an ideal location of

image data for one or more three-dimensional objects with
respect to a planar surface provided by the invention;

FIG. 5 1s a schematic illustration of a relationship between
changes 1n X and z coordinates of a pixel and angular
movement of the pixel of one or more objects as the one or
more objects are rotated;

FIG. 6 1s a schematic illustration of a method for calcu-
lating 1deal 1mage data locations for one or more three-
dimensional objects to provide a perception of depth on a
two dimensional image device; and

FIG. 7 1s a block tlow diagram of a method for converting,
image data to realistic three-dimensional 1mage data.

DETAILED DESCRIPTION OF THE
INVENTION

The 1nvention provides a manner for simulating how an
eye views one or more objects. For the purposes of
simplicity, the aspects of the invention will be described
with respect to the 1mage of a single object. However, the
invention 1s adaptable to an 1mage or 1mages of multiple
objects. In one aspect, stmulation 1s accomplished by com-
bining pixel data from an object in a unique manner. For
example, with reference to FIGS. 1 and 2, points 12 and 14
on an object represented by circle 10, may be viewed by an
eye 16 of a person starting from an 1nitial position having an
initial view angle (0,), of zero degrees with respect to
reference line C. As the eye 16 of a person moves around the
object 10 1n a counter-clockwise manner to view point 14,

the view angle (0,) changes and becomes greater than zero
as 1llustrated by the dotted lines 1 FIG. 1.

In order to simulate how an eye views an object 10, the
invention provides a manner for placing pixels for the object
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10 1n a data file so as to build an 1mage for the object 10
which simulates how the eye 16 would view such object in
a three-dimensional world. According to the invention, as
the object 10 1s rotated counter-clockwise, as shown by
arrow 15, point 18 representing a pixel moves from position
A to position B. The change 1n angle with respect to
reference line C is referred to as the angular velocity (w,)
of the point 18. Angular velocity 1s used to represent the
angle because the rate at which the angle changes as the
object 1s rotated 1s related to the positioning of the pixel
relative to an actual point 18 on the object 10. For highly
curved or contoured objects, the rate of change of the angle
1s greater than for less curved or contoured objects. In order
to provide pixel data point placement 1n a data file so that the
reproduced 1mage more closely simulates an actual three-
dimensional 1mage, the relationship between the view angle
(0,) and the angular velocity (m, ) 1s provided as described
in more detail below.

The differences between conventional imaging techniques
and the 1maging techniques of the invention using the
relationship between the view angle (0,) and the angular
velocity (w..) are described now, in conjunction with FIGS.
3—6. Using conventional imaging techniques, image data for
an object 10 (FIG. 3) are projected by vectors V,, V,, V;,
V,, and V. to a relatively planar or two-dimensional plane
20. For simplification, only projection of 1mage data in the
X direction on plane 20 1s illustrated, however, 1t 1s under-
stood that the 1image data has both x and y components for
projection on plane 20. The length of the vectors V, V,,, V.,
V,, and V: 1s equal to the distances the 1mage data repre-
senting the object are from the plane 20. As shown 1n FIG.
3, these distances vary for each data point such that (V, and
V)=(V, and V )=(V;). Hence, the positioning of data points
on plane 20 1n the x direction, represented by M,, M,,, M,
M,, and M, respectively, 1s offset from an 1deal position as
discussed with reference to FIG. 4, thus introducing error
into the 1mage data

Another way of looking at the data for an image 1s that
vector V; represents projection of image data to a focal point
M. Ideally, all of the image data 1s projected to correspond-
ing points M,, M,, M,, and M. with the same size vectors
as vector V,. However, 1n order for the data points to be
visible, they must intersect plane 20. For this to occur, the
vectors for the image data V,, V,, V,, and V. do not have
the same length as vector V5. Hence, the data points M, M.,,,
M,, and M. are not m focus when the 1mage file 1is
reproduced 1n visible form.

The mvention provides a unique way to correct the 1mage
data so that all of the data points for the image will be
substantially more in focus as compared to 1image data
obtained using prior art techniques thereby improving image
resolution. With reference to FIG. 4, the 1deal positions for
pixels for an 1image 1s along an arcuate path 22 correspond-
ing to the contours of an object providing pixel data 24, 26,
28, 30, and 32. However, 1n order to view the 1mage, the
pixel data are projected to a two-dimensional plane 20 such
as paper or a video screen as described above. In contrast to
conventional techniques, pixel data 24, 26, 28, 30, and 32
lying on the arcuate path 22 are projected to the plane 20 to
provide new data points N1, N2, N3, N4, and N3, along the
X direction of the two-dimension plane 20. In this case,
vectors Y1,Y2,Y3, Y4, and Y5, representing the distance of
the pixel data 24, 26, 28, 30, and 32 from object 10 along an
arcuate path 22 have substantially equal lengths. This results
in the projected data points for the pixel data being substan-
fially more 1n focus than if the pixel data was projected to

data points M1, M2, M4, and MS5.
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Because the pixel placement provided by the invention 1s
with respect to an arcuate path 22, the ideal position for each
pixel point placement i1s shifted by an angle . _ which
represents movement of a pixel point along the arcuate path
22 as the object 1s rotated as described above with reference
to FIG. 2. The magnitude of the shift in the placement of the
projected data point lying on the arcuate path 22 is repre-
sented by Ax (FIG. 5). The distance the pixel points on the
arcuate path 22 are from the two-dimensional plane 20 1s
represented by the term Az in FIG. 5. Accordingly, as the
object 10 1s rotated so that a pixel moves from pixel point 28
to pixel point 30 along the arcuate path 22, the projected
pixel data placement on the two-dimensional plane 20
moves from data point N, to data point N, as shown 1in FIG.
4. The Ax and Az dimensions for pixel placement are
calculated from the angular velocity (w. ) by the following
equations:

cos{m,)=Ax/1=Ax (D)

(ID)

The relationship between the angular velocity (w,.) and the
view angle 0 may be determined by reference to FIGS. 4
and 6. The difference between placement positions N, and
M, for pixel point 30 projected to plane 20 1s defined as 0Ax
and represents an error 1n pixel positioning 1n the x direction
using a traditional planar approach as compared to pixel
placement provided by the mvention.

With reference to FIGS. 3, 4, and 6, the difference
between the length of vectors V, and Y, 1s 0Az. 0Az
represents an error 1n pixel positioning in the z direction.
Referring to FIGS. 1 and 6, the view angle 0 can be used
to determine the magnitude of the error 0Az between place-
ment of a pixel point on the two-dimensional plane 20 using
conventional techniques and placement of a pixel point on
the arcuate path 22. The error 0A, and the error oA are
related to the view angle 0  according to the following
equation,

sin{m,)=Az/1=Az

$in(0,)=dAx/(0A2). (L)

for each view angle used. For each incremental view angle
(AO,) selected, the relative view angle (0,) 1s provided by the
following equation:

0,=n*A0, (IV)

wherein n 15 the number of incremental view angles com-
prising the total view angle (0,).

By using data points 24, 26, 28, 30, and 32 on arcuate path
22, each of the vectors Y, . .. Y, have the same length.
Hence, the errors 0Ax and 0Az may be calculated from the
formulas:

OAx=cos(w,)*Y, and (V)

OAz=sin(w,.,)*Y,,. (VD)

The foregoing relationships are used by the apparatus of the
invention to build one or more objects from 1mage data for
the one or more objects. Accordingly, pixel data for the
object or objects are modified for placement in a data file as
described 1n more detail below. Each of the pixels P for the
image have coordinates (1,)). The x and z positions for each
pixel P, of the image generated by the nvention are pro-
vided by the following equations:

—7 H o+
x,=i+cos(n*w, ;) *d;; and

(VID)

z,=+sin(n*w,;)*d;;,

(VIID)
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wherein x, and z, are the x and z positions on the arcuate
path 22 for pixels P, n 1s number of incremental view angles
sclected, w,;; and w_;; are angular velocities for each pixel P
as the object 1s rotated, and d;; 1s a depth shift factor in the
z direction for each pixel relative to arcuate path 22 and
plane 20.

Starting at a view angle of zero degrees and rotating the
object relative to an imitial starting position to simulate
changes 1n the view angle as described with reference to
FIGS. 1 and 2 above, the x and z coordinates are given by

the following equations:
(IX)
(X)

The Ax and Az values are calculated by the following
equations:

X, =Xg+cos(w,g,)*d;; and

z,=zg+sin(,g,)*d;;

Ax, =xy+cos(w,pp,)*d; and (XD)

Az, =z5+SI0(0,p0,) * s (XII)

wherein X, and z, are the coordinates for pixels lying on
planar surface 20 at a relative view angle of zero degrees
(0,=0). In the general case, the x and z coordinates for all
pixels 1s given by the following equations:

(XIII)

(XIV)

x,=t+cos(n*w,;)*d,; and
z, =J+sin(n*w,; ) *d;;
v/ zif L

wherein w,;; and w_; are the angles for pixel placement on
plane 20 using the ideal positions of the pixels on arcuate
path 22.

Hence, the mvention tends to capture the smooth flow of
image pixels projected from arcuate path 22 to plane 20.
Accuracy of placement of the pixels on plane 20 can be
improved by selecting smaller and smaller view angles 0 or
an 1ncreased number of incremental view angles up to a
practical limit of view angles. However, the processing time
for pixel positioning 1s 1ncreased as the view angle size 1s
decreased or number of incremental view angles 1s
increased.

By using the above techniques, the mvention provides a
method and apparatus for manipulating 1mage data from an
image file to provide 1deal locations for the pixel data on a
two-dimensional viewing surface. Such pixel data are
observed to be more 1n focus and thereby provide more
realistic three-dimensional 1mages. This 1mprovement 1is
believed to result primarily from a reduction of errors in
pixel placement 1n the x and z directions.

Since the functions used by the invention are regular
functions, 1.e., (cos) and (sin), the Ax and Az values do not
have to have discrete values to provide pixel positioning
data. Furthermore, the calculations can generally be per-
formed on any pixel data provided in a wide variety of file
formats to provide improved output resolution. A process
100 for application of the invention to an 1mage data file to
provide an improved three-dimensional 1mage 1s provided in
FIG. 7.

Referring to the process 100, an image 106 of one or more
objects 1s captured and converted to an 1mage data file 108.
Images may be captured by cameras or other mnput devices
which provide 1mage data 1n a wide variety of image data
formats. The 1mage 106 may be a two-dimensional or a
three-dimensional 1mage. For a two-dimensional image,
additional depth simulation data may be manually inserted
into the 1mage data file 108 or interpolated from a series of
image data files. Because the 1mage data may be provided in
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a variety of file formats, the 1image data file 108 1s 1nput to
an 1mage conversion tool 110 which converts the image data
file 108 1nto a usecable format for the invention. Image
formats which are compatible with the system 100 include,
but are not limited to jpeg, tiil, bmp, pcx, png, and the like.
The 1image conversion tool 110 provides parameters for each
pixel of data. The parameters provided by tool 110 include
color 112, depth/distance 114 from the object to a focal
plane, and pixel position 1 16 relative to the object and to
other pixels representing the object.

The color 112, depth/distance 114 and position 116 data 1s
then input to an 1image correction module 118. The depth 114
and/or position 116 data input to the 1mage correction
module 118 are modified 1n the 1mage correction module 118
based on the output from positional translation tool 120.
Positional translation tool 120 calculates the pixel positions
using the above equations I to XIV, particularly equation IV
to determining the number of incremental view angles for
the object or objects 1n the 1mage. Next, equations XI and
XII are used by positional translation tool 120 to provide Ax
and Az, respectively for each pixel Image correction module
118 integrates the positional translation data calculated by
positional translation tool 120 to provide pixel position
adjustments for each pixel in the 1mage. More particularly,
the pixel position adjustments calculated by equations XI
and XII are used 1 equations XIII and XIV by module 118
to provide the x and z coordinates for each pixel in the pixel
data file for the 1mage. The output from the 1mage correction
module. 118 includes updated depth 122 and updated posi-
tion 124 parameters for each pixel.

The updated depth 122 and updated position 124 param-
cters and a desired output resolution 126 are then input into
a 1mage contour building tool 128 which actually builds
image contours based on the updated image data provided
by correction module 118. Tool 128 combines the color
component of each pixel to provide image contours by
mapping the updated depth 122 and updated position 124
with the desired output resolution 126 for each given depth.
The mapping 1s conducted pixel by pixel, 1.e., the color is
assigned for each output pixel’s Ax and Az adjustment.
Higher desired output resolution 126 provides for finer
levels of visual distinction for each Ax and Az adjustment,
whereas, lower resolution output 126 results 1in visually
combining Ax and Az adjustments to provide effectively the
same pixel positions. Hence, the image contours achieved by
tool 128 provide pixel by pixel placement for the improved
three-dimensional image based on the resolution 126 desired
using the placement of pixel data along arcuate path 22, as
set forth above.

After the 1mage 1s built up, pixel by pixel, an i1mage
correlation module 130 correlates the improved 1image to a
particular media. The correlation of the improved 1mage 1s
media dependent and thus the output from module 130 is
highly dependant on the media selection 132 which 1s input
to the module. The 1nvention may be applied to a wide
variety of media, hence, the media may be selected from
planar print media, lenticular viewing systems, electronic
media, and the like. Likewise, the 1mage output module 134
provides an 1image 136 which 1s highly dependent on the
media selected for the image.

Having described various aspects and embodiments of the
invention and several advantages thereof, 1t will be recog-
nized by those of ordinary skills that the invention 1is
susceptible to various modifications, substitutions and revi-
sions within the spirit and scope of the appended claims.

What 1s claimed 1s:

1. A method for converting a digital image of one or more
objects to interpolated thee-dimensional image data for
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producing substantially realistic three-dimensional 1mage of
the object or objects, comprising the steps of:
providing a digital image file containing digital image
pixels, the pixels having a structural contour relation-
ship to the one or more objects;

converting the digital image pixels to contour corrected
pixels relative to view angles external to the one or
more objects to provide a contoured 1mage file;

building an output image file from the contoured image

file; and

projecting the output image file on an 1mage output

device.

2. The method of claim 1 wherein the digital image file
comprises pixels having color, depth and positional compo-
nents.

3. The method of claim 1 wherein the contour corrected
pixels comprise color, corrected depth, and pixel path com-
ponents.

4. The method of claim 3 wherein the output 1mage
comprises pixels having x and z coordinates, further com-
prising providing the X and z coordinates of the pixels 1n the
output 1mage as a function of the corrected depth and pixel
path components.

5. The method of claim 1 further comprising selecting an
image resolution for the output image file as an 1nput
parameter for the step of building the output 1mage {ile.

6. An 1maging tool comprising:

an 1mage {ile input device for receiving one or more 1mage

data files;

a conversion module for converting the one or more
image data files to pixelated data having color, depth
and positional parameters;

a positional translation module for incrementally adjust-
ing the pixelated data to provide incremental positional
data;
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an 1mage correction module for receiving color, depth,

positional parameters, and incremental positional data
for the pixelated data and providing corrected pixels
having updated depth and updated position informa-
tion; and

an output 1mage correlation module for providing cor-
rected pixels to an 1mage output device.

7. The 1imaging tool of claim 6 wherein the 1mage 1nput

device 1s adapted to receive multiple 1mage data file types.

8. The imaging tool of claim 6 wherein the 1mage cor-

rection module comprises a depth conversion module for

providing updated depth and updated positional parameters

for the pixelated data.

9. The 1maging tool of claim 8 wherein the 1mage cor-
rection module further comprises a density filter module for
building the output 1image from the corrected pixels having
updated depth and updated position.

10. The imaging tool of claim 6 wherein the output 1mage
correlation module comprises an 1mage projection module
for building an output 1mage suitable for the 1mage output
device.

11. The 1maging tool of claim 6 further comprising an
output image file module for converting the output image to
a master 1mage file.

12. A machine-readable software program containing the
imaging tool of claim 11.

13. A machine-readable software program containing the
imaging tool of claim 6.

14. A computer system comprising the machine-readable
software program of claim 13.

15. A computer system comprising the imaging tool of
claim 6.
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